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In a comprehensive set of experiments in this issue of
Neuron, Kwon et al. demonstrate that conditional inac-
tivation of Pten leads to behavioral abnormalities and
neuropathological changes. Pten mutants displayed
reduced social interaction and heightened responses
tosensorystimuli.Additionally, neuronal hypertrophy,
as well as macrocephaly was observed. Based on rare
human mutations in PTEN and the PI3K pathway, the
authors suggest theyhaveproducedapotential animal
model of autism with macrocephaly.
Signaling through lipid second messengers, such as
those generated through phosphoinositide metabolism,
is important in regulating multiple signal transduction
networks in the central nervous system. Perhaps best
known as a tumor suppressor, PTEN (phosphatase and
tensin homolog on chromosome ten) is a lipid phospha-
tase that converts phosphatidylinositol 3,4,5 triphosphate
to phosphatidylinositol 4,5-bisphosphate via removal of
the 30-phosphate. This reaction results in inhibition of
phosphatidylinositol 3-kinase (PI3K) signaling. PI3Ks
mediate intracellular signaling processes that have been
shown to influence, among other things, neuronal migra-
tion and neurite extension (Penn, 2006). Although many
have been identified, one of the best characterized tar-
gets of PI3K is AKT, a serine/threonine kinase that phos-
phylates a variety of substrates including BAD, CREB,
TSC2, GSK-3a/b, and mTOR to control cell proliferation
(Brazil et al., 2004). Recent studies have also shown
that PI3K/AKT signaling plays a key role in neuronal po-
larity and the appropriate integration of neurons into
functional circuits.
In this issue of Neuron, Kwon et al. (2006) have ex-
ploited the restricted expression pattern of a neuron-
specific enolase (Nse)-Cre transgenic line to analyze
the function of PTEN in postmitotic neurons from layers
III–V of the cerebral cortex and two cell layers from the
dentate gyrus, the granular layer and polymorphic layer.
Two methods were used to confirm thatNse-Cre activity
was confined to postmitotic neurons: first, colocaliza-
tion of the Rosa26 b-galactosidase (b-gal) Cre reporter
(Rosa26R) with the dendritic marker MAP-2; and second,
bromodeoxyuridine (BrdU) pulsing of Nse-cre/Rosa26R
brains. Colocalization of BrdU and b-gal was not de-
tected 1 day after the pulse; however, partial colocaliza-
tion was detected 4 weeks after exposure. These results
confirm that Cre activity is restricted to subsets of differ-
entiated neurons.
Using several paradigms of social interaction, Kwon
et al. demonstrate thatPtenmutants display social inter-
actiondeficits.Forexample,when presentedwithanovel
mouse (the social target) wild-type mice typically react
by approaching and sniffing (interacting with) the social
target. If simultaneously presented with a social target
and an inanimate object, wild-type animals will spendmore time interacting with the social target. When ex-
posed to a novel mouse (social target) versus a familiar
mouse, wild-type mice prefer to interact with the novel
mouse. And finally, when re-exposed to the social target
several days after initial exposure, wild-type mice typi-
cally exhibit decreased social interaction when com-
pared to the initial exposure. Testing two cohorts of
mice demonstrated normal social interaction behaviors
for control animals; however, the Pten mutants spent
significantly less time investigating the social target com-
pared to controls in each of the paradigms described
above. Interestingly, when presented with a choice be-
tween the social target and an inanimate object, the
Pten mutants actually spent similar amounts of time
interacting with both. During the re-exposure phase of
the experiment, the Pten mutants did not decrease their
interaction with the social target, indicating that thePten
mutant mice had impaired social learning. In all of the
conditions tested, the Pten mutant mice spent less
time socially interacting when compared to control ani-
mals. Nest building, a test of home cage behavior, was
defective in the Pten conditional mutants. Pten mutant
mice also displayed reduced maternal care as evidenced
by death of pups prior to P5. Other behavioral tests de-
signed to measure general interest in novelty and normal
olfactory sensation did not reveal significant differences
between Pten mutants and controls, indicating that the
behavioral deficits observed are specific to social inter-
action. Taken together, the results of these experiments
demonstrate that Pten mutant mice exhibit reduced
social interaction, memory, and preference as well as
altered home cage and maternal behaviors.
Based on the observation that Pten mutant mice were
resistant to handling, the authors measured the effect
of sensory and anxiety-provoking stimuli on the mu-
tants. Pten mutants exhibited hyperactivity as well as in-
creased startle responses and deficits in sensorimoter
gating. Further testing revealed increased anxiety-like
behavior in both the open field and the light/dark appa-
ratus, but not the elevated plus maze. These results
suggest that Pten mutant animals are deficient in their
responses to sensory stimuli and display increased anx-
iety-like responses under some conditions. However,
the Pten mutants are not globally impaired because
the mutant mice display normal responses in several be-
havioral assays including locomotor activity, motor co-
ordination, and fear conditioning, suggesting that Pten
mutants display specific deficits in social interaction
and memory as well as increased anxiety.
Careful analysis of Pten mutant brains revealed sev-
eral neuropathological abnormalities. Broad deletion of
Pten was previously shown to result in soma hypertro-
phy, macrocephaly, and premature death (Kwon et al.,
2001). In accordance with previously published findings,
conditional Pten mutant mice also displayed soma hy-
pertrophy and progressive macrocephaly; however,
these pathologies were limited to forebrain and hippo-
campus in the present study.
Because PI3K/AKT signaling has been implicated in
neuronal outgrowth, the authors examined the effect
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344of restricted Pten deletion on axon and dendrite forma-
tion. Conditional Pten inactivation was shown to have
several effects on the regulation of both axonal and den-
dritic growth. Combined immunohistochemical staining
of synapsin I and calbindin was used to demonstrate
a dramatic enlargement of the mossy fiber tract, ectopic
granule axons, and a dramatic increase in the number of
presynaptic vesicles in mutant animals. Golgi staining
revealed dendritic hypertrophy characterized by both
an increase in dendritic thickness and increased spine
density. Furthermore, the effect of PTEN was cell auton-
omous as demonstrated by an increase in P-AKT signal
in granule cells displaying ectopic dendrites but a lack of
P-AKT signal in granule cells lacking ectopic dendrites.
Finally, the authors demonstrate an increase in down-
stream signaling components of the PI3K pathway
as a result of inactivation of Pten, including increased
P-AKT, P-S6, and P-GSK3b.
Do these findings in mice have any relevance to au-
tism spectrum disorders (ASD)? ASD is a severe neuro-
developmental disorder characterized by impairments
in reciprocal social interaction and communication, as
well as repetitive, stereotyped behaviors. Numerous
studies have demonstrated a genetic contribution to
development of the autistic phenotype. However, a neu-
ropathological cause of ASD remains elusive, although
varied anatomical and cellular changes have been re-
ported in brains from ASD patients. The incidence of en-
larged head circumference, or macrocephaly, with ASD
has been reported to be around 20%. More recently, a
combination of autopsy and MRI research has revealed
that autism is associated with increased brain size in
childhood; however, the persistence of this phenotype
into adulthood remains unclear (Penn, 2006). In spite
of the controversy surrounding the impact of increased
brain volume in autistic patients, there is mounting evi-
dence that increased neuronal growth or decreased
neuronal pruning may contribute to the increase in brain
volume. Several different lines of research have sug-
gested that misregulated neuronal growth is associated
with ASD. Both decreased dendritic branching and er-
rors in cell migration have been reported in ASD (Penn,
2006). Reports have also described enlarged and ab-
normally oriented neurons, densely packed neuronal
regions as well as isolated regions of atrophic neurons
with reduced dendritic arbors (Bauman and Kemper,
2005; Penn, 2006).
The genetic causes of typical ASD are currently un-
known, although several Mendelian disorders display
atypical ASD features, including Rett syndrome and
Fragile X syndrome (Hagerman, 2006; LaSalle et al.,
2005). Notably, several studies have identified muta-
tions in components of the PI3K pathway that appear
to be atypically associated with autism. For example, in-
dividuals affected by tuberous sclerosis, resulting from
mutation in the TSC1/2 complex, have an incidence of
autism ranging from 25%–50%, whereas comorbidity
of Neurofibromatosis type 1 in individuals previously
diagnosed with ASD is far greater than would be ex-
pected through a chance association (Marui et al.,
2004; Wiznitzer, 2004). Finally, recent studies have sug-
gested that a small percentage of individuals affected
by ASD with macrocephaly harbor germline mutations
in Pten (Butler et al., 2005).Kwon et al. have demonstrated quite convincingly that
conditional deletion ofPten in postmitotic neurons leads
to a number of cellular changes including hypertrophy
of the soma, increased axonal outgrowth, as well as
altered dendritic morphology and growth. The effects
of conditional deletion of Pten have functional conse-
quences as well because Pten-deleted mice display ab-
normal behaviors, including altered social interaction,
abnormal nest building, sensitivity to sensory stimuli,
and increased anxiety. Taken together, the macroce-
phaly and behavioral deficits observed in the Pten con-
ditional mutants are similar to human patients with atyp-
ical ASD that results rarely from mutations in the PI3K
pathway. In a broader context, the Pten mutants may
be similar to humans that display ASD with macroce-
phaly and thus may represent an animal model of this
subset of autistic patients (for review of animal models
of autism see Moy et al. [2006]). However, caution is war-
ranted because there are aspects of ASD that are not re-
capitulated in the Pten mutants. For example, the Pten
mutants do not display the expression of abnormal re-
petitive behaviors seen in ASD, although it is unreason-
able to expect perfect phenotypic overlap of human
ASD with any mouse model. Additionally, although there
is some molecular genetic evidence suggesting that
germline mutation of Pten contributes to ASD pheno-
types in humans, another study investigating the effect
of inactivating mutations in Pten revealed a predisposi-
tion to develop tumors that sometimes coincided with
defects in neural development including macrocephaly,
cerebellar hypertrophy, and seizures (Li et al., 1997).
However, autism was not reported in these individuals.
Finally and as appropriately pointed out by the authors,
Pten deletion is restricted to postmitotic neurons in the
CNS in their model, and current evidence suggests
that ASD is a developmental rather than a neurodegener-
ative disorder.
Whether or not the findings reported by Kwon et al.
have direct relevance to ASD, the experimental results
described are intriguing and represent an important
entry point to understanding the role of Pten in postmi-
totic neurons of the hippocampus and cortex as well
as providing new insight into the molecular correlates
mediating social- and anxiety-related behaviors in the
postnatal CNS.
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types of synapses have been observed in developing
Xenopus neurons (Wu et al., 1996). According to this
scenario, activity induces the insertion of functional
AMPA receptors, similar to what occurs in mature syn-
apses, making silent synapses functional under physio-
logical conditions. A third model possesses the same
apparent features of an NMDA-only synapse, but the
NMDA-only nature of these synapses is explained by
a presynaptic anomaly not by lack of postsynaptic
AMPA receptors. This model involves the regulation of
synaptic vesicle fusion pore dynamics (Renger et al.,
2001; Choi et al., 2003). According to this scheme, acti-
vation of postsynaptic AMPA or NMDA receptors can be
determined by the kinetics of fusion pore opening and
the release profile of glutamate. In young nerve termi-
nals, neurotransmitter release occurs through a narrow
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Searching for a Mechanism
Nascent synaptic networks have a high incidence of
silent synapses. In this issue of Neuron, Shen et al.
show that a brief burst of action potentials rapidly
awaken silent synapses by increasing the availability
of synaptic vesicles for fusion through BDNF-trig-
gered presynaptic actin remodeling mediated by the
small GTPase Cdc42.
All-or-nothing changes in signal strength have been a
favorite of electrophysiologists. Action potential genera-
tion, quantal neurotransmitter release, and ion channel
openings are typical examples of all-or-nothing signal-
ing events that form the basis of information processing
and signal transmission in the nervous system. As ex-
emplified by the modern digital technology, this form
of signaling allows unambiguous information storage,
transmission, and signal detection. In contrast, more
graded changes in signal amplitudes are harder to store,
transmit, and detect with high fidelity and, therefore,
more prone to noise and errors. In the last decade, an
elegant set of studies showed that changes in synaptic
strength during long-term plasticity also occur in an
all-or-nothing manner (Malinow and Malenka, 2002;
Bagal et al., 2005). Evidence from the experiments by
Shen et al. (2006) published in this issue of Neuron
brings a clear mechanistic insight to this type of off/on
switching, which occurs during early synaptic develop-
ment contributing to the plasticity of synaptic networks.
Recent studies have provided four distinct models to
account for rapid switching of silent synapses into func-
tional ones. The first model postulates that prior to acti-
vation, the site of the future synapse may lack structural
synaptic components (synaptic vesicles, Ca2+ channels,
fusion machinery, etc.). Therefore, stimulation not only
renders a pre-existing synapse functional but actually
triggers its de novo assembly (Friedman et al., 2000;
Zhai et al., 2001). The second model proposes that a fully
functional presynaptic terminal may exist, but the post-
synaptic site may not possess AMPA receptors al-
though it contains NMDA receptors. Evidence for these
fusion pore leading to exclusive activation of NMDA
receptors as they have a higher affinity for glutamate.
Synapse maturation in turn leads to an increase in pre-
ponderance of full fusion events, thus activating NMDA
as well as AMPA receptors. The fourth model suggests
that immature synapses may contain synaptic vesicle
clusters; however, they do not readily respond to action
potential stimulation but rather require a more intense
stimulation to release neurotransmitters (Mozhayeva
et al., 2002). This model suggests a full presynaptic neu-
rotransmitter failure because of some inadequacy in fu-
sion competence or localization of synaptic vesicles. In
these presynaptically ‘‘mute’’ synapses, any apparent
activation of NMDA receptors (but not AMPA) during
action potential stimulation would be attributed to spill
over of neurotransmitter from adjacent active nerve ter-
minals because NMDA receptors have a much higher
affinity for glutamate (Kullmann and Asztely, 1998).
In this issue of Neuron, Shen and colleagues perform
a comprehensive analysis of silent synapses by carrying
out a phenomenal number of paired recordings in devel-
oping hippocampal cultures. Their results provide
a fresh look at these silent synapses and their switching
to active ones. The authors uncover a presynaptic
mechanism that enables rapid conversion of nonfunc-
tional synapses to functional ones. Although most of
the recording pairs display no synaptic responses,
a brief theta bursting stimulation was able to convert
up to 16% of these contacts to functional synapses.
These ‘‘unsilenced’’ synapses previously contain synap-
tic vesicle markers and potentially other exocytosis ap-
paratus. During the process of unsilencing, synaptic
vesicles previously hesitant to exocytose and recycle,
start to fuse and recycle the styryl dye FM4-64. Closer
examination of these putative silent synapses by immu-
nocytochemistry and electronmicrocopy reveals abun-
dant synaptic vesicle clusters, arguing against the
de novo synapse assembly model mentioned above. In
mature cultures, the success rate of theta-burst induction
dramatically decreases, suggesting that most synapses
were already unsilenced. The conversion of silent syn-
apses requires the activation of NMDA receptors as
judged by its sensitivity to APV. Once converted, synap-
ses exhibit both NMDA and AMPA responses. Surpris-
ingly, in contrast to the second and third silent synapse
models discussed above the authors do not encounter
NMDA responses prior to the synapse awakening. Nev-
ertheless, unsilencing is still sensitive to APV. This APV
